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@) Ink jet printing processes with microwave drying. 

© Disclosed is a printing process which com- 
prises applying in imagewise fashion to a sub- 
strate (3) an ink composition which comprises 
an aqueous liquid vehicle, a colorant, and a 
drying component selected from the group con- 
sisting of zwitterionic compounds, and subse- 
quently exposing the substrate (3) to microwave 
radiation, thereby drying the images on the 
substrate (3). In a preferred embodiment, the 
invention is directed to a thermal ink jet printing 
process which comprises incorporating into a 
thermal ink jet printing ^apparatus an ink 
composition which comprises an aqueous It- 
quid vehicle, a colorant, and a drying compo- 
nent selected from the group consisting of 
zwitterionic compounds; heating the ink in an 
imagewise pattern to cause bubbles to form 
therein, thereby causing droplets of the ink to 
be ejected in an imagewise pattern onto a 
substrate (3), thereby generating images on the 
substrate (3) ; and exposing the substrate (3) to 
microwave radiation in the drying apparatus 1, 
thereby drying the images on the substrate (3). 
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The present invention is directed to printing processes employing microwave image drying techniques. 

Thermal ink jet processes are well known and are described, for example, in U.S. Patent 4,601,777, U.S. 
Patent 4,251,824, U.S. Patent 4,410,899, U.S. Patent 4,412,224, and U.S. Patent 4,532,530. 

U.S. Patent 3,673,140 (Ackerman et al.) discloses a printing ink composition, preferably comprising epoxi- 
5 dized soybean oil acrylate or certain derivatives thereof and a radiation sensitizer having a triplet energy be- 
tween about 42 and 85 kilocalories per mole. The inks are used in a printing method which comprises exposing 
the inks to an amount of actinic radiation effective to polymerize the inks to a non-offsetting state. In addition, 
U.S. Patent 3,801,329 (Sandner et al.) discloses coating compositions comprising a liquid vehicle, a colorant, 
and a photosensitizer containing a specific structural group. The curable composition is cured by exposure to 
10 radiation, preferably between 2,000 and 8,000 Angstroms. Further, U.S. Patent 4,088,618 (Saltzman et al.) 
and U.S. Patent 4,104,143 (Wasilewski et al.) disclose photocurable printing inks and coating compositions 
comprising an ethylenically unsaturated monomelic compound, a photoinitiator, and an optional colorant as 
well as certain rosin-modified epoxy resins. The compositions disclosed in these patents can be irradiated by 
a variety of methods, such as exposing the composition to ultraviolet radiation, electron beams, or gamma ra- 
15 diation emitters. 

U.S. Patent 4,206,937 (Huston) discloses a preprinted spirit duplicating master. A liquid ink composition 
composed of 40 to 62 percent by weight of a dye, 40 to 65 percent by weight of an alcohol soluble polyamid 
resin having a melting point in the range of 11 0 to 125°C, and 12 to 25 percent by weight of ethylene glycol is 
. . printed in reverse image on one side of a translucent paper sheet. After printing, the ink is dried to evaporate 
20 v . a portion of 'the ethylene glycol so that the dried ink contains approximately 3.0 to 6.25 percent by weight of 
,-[ : ethylene glycol. Drying is by heating by any suitable method, such as infrared radiation, microwave drying, 
gas flame heating, or the like. The polyamid resin is soluble in alcohol so that multiple copies can be printed 
, from the master using conventional duplicating equipment, and as the ink does not contain oils and greases 
there is no tendency of the ink to bleed or smear so that the masters can be bound in booklet form without 
25 the need of separating tissue sheets. As the sheet is translucent, the printing can be seen in positive image 
through the sheet so that no positive image printing is required on the. front surface of the sheet. 

U.S. Patent 4,839,142 (Charm) discloses a high temperature, short time heating system and method for 
the pasteurization and/or sterilization of heat sensitive biological fluids which comprises adding a dielectric en- 
. ; hancing additive to the biological fluid, subjecting the biojogical fluid to microwave energy to heat rapidly the 
- 30 _.. biological fluid for a short time period to a pasteurizing or sterilization temperature, cooling the biologic al fluid, 
optionally removing the dielectric enhancing additive, and recovering an aseptic biological fluid. Examples of 
dielectric enhancing additives include inorganic metal or ionic salts, such as alkali or alkaline earth salts, such 
as sodium chloride. 

. Copending European patent application, filed concurrently herewith, and corresponding to U.S. Serial No. 
35 830,163, discloses printing processes which comprise applying in imagewise fashion to a substrate an ink com- 
position which comprises an aqueous liquid vehicle, a colorant, and an ionic compound at least partially ion- 
izable in the liquid vehicle, said ink composition having a conductivity of at least about 10 milliSiemens per 
centimeter, and subsequently exposing the substrate to microwave radiation, thereby drying the images on 
the substrate. 

40 Although known compositions and processes are suitable for their intended purposes, a need remains for 

. ink jet printing processes with rapid output times. In addition, there is a need for ink jet printing processes em- 
ploying microwave drying of the images. Further, there is a need for thermal ink jet printing processes that 
enable output speeds of at least 10 prints per minute, as well as slower output speeds. There is also a need 
for ink jet printing processes employing microwave drying wherein the microwave drying apparatus has re- 

45 duced power requirements. Further, a need exists for thermal ink jet printing processes with fast image drying 
times and with reduced paper cockle. In addition, there is a need for printing processes for which aqueous- 
based inks are suitable and which employ microwave drying of the printed images. Additionally, there is a need 
for ink jet printing processes employing microwave drying of the images for which the inks have a reduced 
tendency to dry out and clog the nozzles (thus making them unworkable) and for which the inks enable easy 

50 clearing of clogged nozzles that have dried out There is also a need for ink jet printing processes employing 
microwave drying of the images wherein the components of the ink compositions used have a reduced ten- 
dency to migrate through the various layers and structures in thermal ink jet apparatuses and lead to device 
failure. There is also a need for Inkjet printing processes employing microwave drying of the images wherein 
the ink compositions have a reduced tendency to cause deposits on the heater and lead to device failure. 

55 It is an object of the present invention to provide ink jet printing processes which strive to meet the above 

needs. 

These and other objects of the present invention (or specific embodiments thereof) can be achieved by 
providing a printing process which comprises applying in imagewise fashion to a substrate an ink composition 
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such as channel black, furnace black, lamp black, and the like. Colored pigments include red, green, blue, 
brown, magenta, cyan, and yellow particles, as well as mixtures thereof. Illustrative examples of magenta pig- 
ments include 2,9-dimethyl-substituted quinacridone and anthraquinone dye, identified in the Color Index as 
CI 60710, CI Dispersed Red 15, a diazo dye identified in the Color Index as CI 26050, Ci solvent Red 19, and 
5 the like. Illustrative examples of suitable cyan pigments include copper tetra-4r(octadecyf sulfonamide} phtha- 
locyanine, X-copper phthalocyanine pigment, listed in the color index as CI 74160, CI Pigment Blue, and An- 
thradanthrene Blue, identified in the Color Index as CI 69810, Special Blue X-2137, and the Ifte. Illustrative 
examples of yellow pigments that can be selected include diarylide yellow 3,3-dichlorobenzidene acetoaceta- 
nilides, a monoazo pigment identified in the Color Index as C1 1 2700, CI solvent Yellow 1 6, a nitrophenyl amine 
10 sulfonamide identified in the Color Index as Foron Yellow SE/GLN, CI Dispersed Yellow 33, 2,5-dimethoxy-4- 
sulfonanilide phenylazo-4'-chloro-2 i 5-dimethoxy aceto-acetanilide, Permanent Yellow FGL, and the like. Ad- 
ditional examples of pigments include Normandy Magenta RD-2400 (Paul Uhlich), Paliogen Violet 5100 
(BASF), Paliogen Violet 5890 (BASF), Permanent Violet VT2645 (Paul Uhlich), Heliogen Green L8730 (BASF), 
Argyle Green XP-1 1 1 -S (Paul Uhl ich), Brilliant Green Toner GR 0991 (Paul Uhlich), Heliogen Blue L6900, L7020 
is (BASF), Heliogen Blue D6840, D7080 (BASF), Sudan Blue OS (BASF), PV Fast Blue B2G01 (American 
Hoechst), Irgalite Blue BCA (Ciba-Geigy), Paliogen Blue 6470 (BASF), Sudan HI (Matheson, Coleman, Bell), 
Sudan II (Matheson, Coleman, Bell), Sudan IV (Matheson, Coleman, Bell), Sudan Orange G (Aldrich), Sudan 
Orange 220 (BASF), Paliogen Orange 3040 (BASF), Ortho Orange OR 2673 (Paul Uhlich). Paliogen Yellow 
152, 1560 (BASF), Lithol Fast Yellow 0991 K (BASF), Paliotol Yellow 1840 (BASF), Novoperm Yellow FG1 
20 (Hoechst), Permanent Yellow YE 0305 (Paul Uhlich), Lumogen Yellow D0790 (BASF), Suco-Gelb L1250 
(BASF), Suco-Yellow D1355 (BASF), Hostaperm Pink E (American Hoechst), Fanal Pink D4830 (BASF), Cin- 
quasia Magenta (DuPont), Lithol Scarlet D3700 (BASF), Tolidine Red (Aldrich), Scarlet for ThermoplastNSD 
PS PA(Ugine Kuhlmann of Canada), E. D. Toluidine Red (Aldrich), Lithol Rubine Toner (Paul Uhlich), Lithol 
Scarlet 4440 (BASF), Bon Red C (Dominion Color Co.). Royal Brilliant Red RD-8192 (Paul Uhlich), Oracet Pink 
25 RF (Ciba-Geigy), Paliogen Red 3871 K (BASF), Paliogen Red 3340 (BASF), and Lithol Fast Scarlet L4300 
(BASF). Additional suitable commercially available pigment dispersions include the Hostaf ines available from 
Hoechst, including Hostaf ine Black T, Hostaf ine Black TS, Hostaf ine Yellow HR, Hostaf ine Yellow GR, Hosta- 
f ine Red FRLL, Hostafine Rubine F6B, and Hostaf ine Blue B2G, as well as dispersions available from BASF, 
including Disperse Black 006607, Luconyl Yellow 1250, Basoflex Pink 4810, Luconyl Blue 7050, and the like. 
30 Other pigments can also be selected. Preferably, the pigment particle size is as small as possible to enable a 
stable colloidal suspension of the particles in the liquid vehicle and to prevent clogging of the ink channels 
when the ink is used in a thermal ink jet printer. Preferred particle average diameters are generally from about 
0.001 to about 5 microns, and more preferably from about 0.1 to about 1 micron, although the particle size 
can be outside these ranges. The pigment is present in the ink composition in any effective amount, generally 
35 from about 1 to about 20 percent by weight and preferably from about 4 to about 8 percent by weight, although 
the amount can be outside of these ranges. 

Other additives can also be present in the inks employed in the process of the present invention. For ex- 
ample, surfactants or wetting agents can be added to the ink. These additives may be of the cationic, anionic, 
or nonionic types. Suitable surfactants and wetting agents include Tamol® SN, Tamol® LG, those of the Tri- 
40 ton® series available from Rohm and Haas Co., those of the Marasperse® series, those of the Igepal® series 
available from GAF Co., those of the Tergitol® series, those of the Duponol® series available from E. I. Du 
Pont de Nemours & Co., Emulphor ON 870 and ON 877, available from GAF, and other commercially available 
surfactants. These surfactants and wetting agents are present in effective amounts, generally from 0 to about 
1 5 percent by weight, and preferably from about 0.01 to about 8 percent by weight 
45 Polymeric additives can also be added to the inks employed in the process of the present invention to en- 

hance the viscosity of the ink, including water soluble polymers such as Gum Arabic, polyacrylate salts, poly- 
methacrylate salts, polyvinyl alcohols, hydroxy propylcellulose, hydroxyethylcellulose, polyvinylpyrrolidinone, 
polyvinylether, starch, polysaccharides, polyethyleneimines derivatized with polyethylene oxide and polypro- 
pylene oxide, such as the Discole series available from DKS International, the Jeffamine® series available 
so from Texaco, and the like. Polymeric additives may be present in the ink of the present invention in amounts 
of from 0 to about 10 percent by weight, and preferably from about 0.01 to about 5 percent by weight. 

Other optional additives to the inks employed in the process of the present invention include biocides such 
as Dowicil 150, 200, and 75, benzoate salts, sorbate salts, and the like, present in an amount of from about 
0.0001 to about 4 percent by weight, and preferably from about 0.01 to about 2.0 percent by weight, humectants 
55 and penetration control additives such as ethylene glycol, diethyleneglycol, N-methylpyrollidinone, propylene 
glycol, hydroxyethers, ethers, amides, sulfoxides, ketones, lactones, esters, alcohols, butyl carbrtol, benzyl al- 
cohol, cyctohexylpyrrolidinone, 1 ,2-hexanediol, and the like, present in an amount of from 0 to about 50 percent 
by weight and preferably from about 5 to about 40 percent by weight, pH controlling agents such as acids or, 
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mixture of the above. The drying component is selected to exhibit sufficient solubility in the aqueous solution 
of the ink composition to achieve the objectives of the present invention; typicaly, the solubility is at least about 
2 percent by weight in the solution (wherein about 2 grams of the drying component are present in a 100 gram 
sample of the ink), and preferred solubilities typically range from about 5 to about 30 percent by weight in the 
5 solution. Some suitable compounds, such as many of the amino acids, may exhibit relatively low solubflity in 
aqueous solutions at or near neutral pH, but can be made more soluble at a pH far from their isoelectric point. 
The drying component is present in the ink in any effective amount The actual amount selected may depend 
on the solubility of the selected component in the aqueous ink composition and on the molecular weight of 
the selected drying component Typical amounts of the drying component are from about 5 to about 50 percent 
10 by weight preferably from about 5 to about 30 percent by weight, although the amount can be outside of these 
ranges. , ( 

Inks suitable for the present. invention can be prepared by any process suitable for preparing aqueous- 
based inks. For example, the ink ingredients can be mixed in the desired amounts and stirred until a uniform 
ink composition results (typically about 30 minutes, although the mixing/stirring time can be either greater or 
is less than this period). While not required, the ink ingredients can be heated during mixing if desired. Subse- 
quent to mixing and stirring, the ink composition generally is filtered to remove any solid or particulate matter. 
The microwave drying component of the ink can be added with the other ink ingredients during preparation 
of the ink; alternatively, the microwave drying component can be added to an ink composition subsequent to 
mixing and stirring of the other ingredients. Any other suitable processes for preparing the inks can also be 
20 employed." „,./. : ^, v; , , n . , 

The ink is applied to a suitable substrate in imagewise fashion. Application of the ink to the substrate can 
be by any suitable process compatible with aqueous-based inks, such as flexographic printing, pen plotters, 
continuous stream ink jet printing, drop-on-demand ink jet printing (including both piezoelectric and thermal 
ink jet processes), or the like. The substrate employed can be any substrate compatible with aqueous-based 
25 inks, including plain paper, such as Xerox® series 10 paper, Xerox® 4024 paper, or the like, coated papers, 
such as those available from Jujo, transparency materials suitable for aqueous inks or ink jet printing processes, 
or the like. , : , : ... ;:: 

Any suitable microwave apparatus can be employed for the ink drying step of the present invention. One 
example of a printing system including a suitable microwave apparatus for drying ink on substrates and an op- 
.30, tional method of testing the degree of drying is illustrated schematically in Figures*1A,r1 B, and 1C; Figure 1A 
represents a schematic side view of the apparatus wherein the paper path is from left to right Figure 1B rep- 
resents a schematic side view of the apparatus viewed down the paper path. Figure 1C represents a schematic 
view of the testing apparatus for determining the degree of drying. As illustrated schematically in Figures 1 A, 
1B, and 1C, microwave drying apparatus 1 is situated so that printing substrate 3, which can be paper, trans- 
35 parency material, or the like, is first printed with print head 5, passes through drying apparatus 1, and then 
exits drying apparatus 1 and passes through optional offset nip 7 which comprises two rollers, which preferably 
are a soft driver roll 7a (of a material such as rubber, for example) and a rigid idler roll 7b (coated with a material 
such as Teflon®, for example). Apparatus 1 comprises magnetron 11 connected to rectangular wave guide 13 
equipped with slot 15. One example of a suitable magnetron is the Gerling Gt 116, available from John Gerling 
40 Co., Modesto, CA. One example of a suitable waveguide is the WR 284, available from Microwave Develop- 
ment Lab, Natick, MA. Slot 1 5 permits the printing substrate 3 to be passed through apparatus 1 . At the terminal 
point of the wave guide 13 is a water cooled terminating dummy load 19 which absorbs any unused energy. 
Situated between wave guide 13 and terminating load 19 is a resonating iris 21 which generates high intensity 
traveling waves, which result in localized "hot spots" where the electric field is at a maximum. The print head 
45 5 is aligned to coincide with a "hot spot " After print head 5 prints an image on printing substrate 3, printing 
substrate 3 passes through slot 15 in wave guide 13, whereupon a fixed amount of microwave power, generally 
from about 100 to about 1,000 watts, although the amount can be outside of this range, is supplied to the wave 
guide 13. Printing substrate 3 is passed through apparatus 1 at any suitable speed, typically from about 1.5 
to about 40 inches per second. Optionally, after exiting apparatus 1 and wave guide 13, printing substrate 3 
so can be placed into contact with a blank sheet of paper 23 and the "sandwich" thus created can be passed 
through offset nip 7 to evaluate the effectiveness of the drying step. The nip pressure is set at the minimum 
to achieve the greatest level of offset For example, with 14.25 inch rollers, an appropriate pressure would be 
about 0.25 pounds as measured at each end of the rollers. After exiting the nip, the sheets are separated 
and the offset density that is transferred to the blank sheet is measured. For comparison purposes, the process 
55 is repeated by passing the printed sheet through slot 1 5 with the microwave power off, and the degree of offset 
obtained with and without microwave drying are compared. 

Any other suitable microwave drying apparatus can also be employed. 

Offset is a practical measure of the state of dryness of the image; the degree of image drying at the time 
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regarding the energy input and the energy going to the terminator; the difference between the two yields the 
energy absorbed by the sample. Each sample was run at the three aforementioned magnetron power levels, 
with the initial temperature, the post-heating temperature, and the energy input into the waveguide recorded 
with each trial. Each test tube was exposed to microwave radiation for a period of 4 seconds (from t = 0 to t = 
4 seconds), and one second after microwave radiation ceased (at t = 5 seconds), the temperature of the sol- 
ution in the test tube was measured. The values for the temperature increase at 300 Watts of microwave power 
input to the waveguide in the microwave apparatus were as follows for each of the solutions: 



Drying Component 


PH 


Clan Hi ir—fri wi-t*v/ j1\ 

(milliSiemens/cm) 


a emperature 
, Rise at 300 

\A/affr /or\ • 

watts \ r) 


Betaine 


7.2 


0.032 


47 


Betaihe Hydrochloride 


0.8 


92.1 


52 , 


Betaine Monohydrate 


7.3 


0.018 


46! ,.: 


PPS(1-(3-sulfopropyl)- .. . 
pyridinium betaine)* 


4.1 


0.114 


46 

1 

.... . { ■ 


PPS-OH ( 1 42-hyd roxy-3- 
sulfopropyO-pyridinium 
"betaine)* 


4.8 


48.5 


52 


Deionized water (control) 


7.1 


0.0008 


;.!;/,i7"-^ s 



*obtained from Raschig Corp., Richmond, VA 



As the data indicate, solutions' containing the drying component exhibited significantly greater.temperature ris- 
es upon exposure to microwave radiation than did the control. The effect of the drying agents Upon microwave 
absorption appears to be the result of a factor other than increased conductivity of the solution. As indicated, 
the betaine hydrochloride solution, with a conductivity over 10 3 times greater than the conductivity of the be- 
taine solution, exhibited only & slightly, higher temperature increase. Similarly, while the relatively highly con- 
ductive PPS-OH solution exhibited a temperature rise of 52, the PPS solution, which is more than 400 times 
less conductive, exhibits a temperature increase of 46, which is nearly as high as that observed for the PPS- 
OH solution. 

EXAMPLE II 

Each of the compounds listed in the table below was dissolved in water to make a 20 percent by weight 
aqueous solution. The solutions were then tested for the absorption of microwave energy as described in Ex- 
ample I. The values for the temperature increase at 300 Watts of microwave power input to the waveguide in 
the microwave apparatus were as follows for each of the solutions: 



9 



10 | 



f5 1 

i 

| 

r 

r 




Glycine Hydrochloride. 



D.L-Alanine 



D,L-Lysine 



L-Lysine,Monohydrochlpride ; 



jj-r^rgihine " 



L-Arginine Hydrochloride 



L-Proline 



L- Proline + HCI to pH = 4.2 y 



L-Proline + NaQH to pH = 9.0 



Tran-4^hydroxyl-L-proline 



- Deionized water (control)- 



,0.6 



6.2 



10.5 



5.6 



11:7 



5.3 



6.3 



4.2 



9.0 



122.2 



'01*691 



4.Q4. 



49.7 



0.481 



43.3 



.0.005 



0.75 



5.8 



7.1 



1.41 



0.01?W^- 



0.0008-- 



49 



46 



„46 



53 



39 I 



52 • 



47 : 



5? Vi- 



45 



44 



42 



-17 i 



l ***** data indlcate ' solutions ^ntaining the drying compSny n ffeichibited ^nifte^dreater temperature ris 



a ; ^i0^g gE?CAMPLE III ^ 



i--«; ;5 er; r A::r*in :,:y Bit: b:h nnai hohaivs-. •« • ■ — - ■ 



Each of the compoundstetaVthelabie be?oV^]fesofc»din~«^ to make a-M-kSiwi*, ■ ^ 
_ -aqueous solution. For some of the compounds; this concentration eJ^^^SftJj Z?f n 
T he rr ti0nS Were then tested * t^^tlon^miciWe energy asdeSta^lT^e 
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Drying Component ' f ; 


pH 


Conductivity 
(milliSiemens/cm) 


Temperature 
Rise at 300 
Watts (°F) 




N-(2-acetamido)-2- 
aminom^thanesulfon ir AriH* 


2-5 


2.21 


32 


10 % 


N-(2-acetamido)aminodiacetic 
acid* 


2,5 


3.08 


22 


i 


N,N-bis(2-hydroxyethyl)-2- 


3.7 


,0.069 


42 . 


15 . 


N,N-bis(2-hydroxyethyl)-3- 
hydroxypropanesulfonic acid* 


4.0 


0.093 


41 




M M-hl^O-hwH rnyuathuhnlurina 
i» # m lyui UAycu ly l/y IjCII i tr 


AO 


,o.u:>y 


39 . 


20 - 

f 


,2-(cyclohexylamino) 
ethanesulfonic acid --; 


4;.9v 


0.006 


36 




3-(cyclohexylamino)-1- 

OTOOAnp^i jlfnnir ariH * ... . 




0.143 


36 


25 ~ 


N-(1,1-dimethyl-2- 

■ 'hvdroxvethuh-^-Aminn-^- 
hydroxy-propanesulfonic acid 


2.5; 


" 168 : ; : 


;39 




yiytyryiyuiic 


tZ Q 
D.O 


U.zlU 


48 




; 4-(2-hydroxyethyl)piperazine-: 
1 -ethanesulfonic acid h 


.,5.4* 


•.>,::•,• I ;-0;1 52= , 4 «J «f 






4-(2-hydroxyethyl)piperazirie- 
1-propanesulfonic acid 


6.0 


0.194 


38 


35 


2-morpholinoethanesulfonic 
acid monohydrate* 


3.2 


0.191 


36 



*20% by weight exceeds the solubility of this compound in water 
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10 1 



15 



20 } 



25 



I Drying Component 


PH 


Conductivity 
(milliSiemeris/cm; 


Temperature 
Rise at 300 
Watts (°F) 


j 3-morpholino-2- 

I ■ lyvii uxypropanesuitonic acid 


3.5 


0.081 


38 


i j pnuiinopropdnesulfonic 
1 acid 


2.8 


0.728 


40 i 1 


1 P'perazine-lv^-bisiZ- . 
I ethanesulfonicacid)* ' 




■:}[ : ; o* : ; 


19 : 


1 taurine* . 


4.6 


0.021 


45 j 


N-tns(hydroxy-methyl)methyl- 
[ * ai ««inoexnanesuitonic acid 


3.8 


0.096 


36 1 


■ mm iyui wAyrneinyi^rnetnylj- 
I 3-amino-propanesulfonic acid 


35 


0.081 


36 5 j 


1 N-Itris(hydroxymethyl) - 
1 metnyljglycirie 


5:0 


. .... 0.073 - - 


; : 34 | 

1 1 


| Deionized water (control) 


7.1 


0.0008 


17 I 



ml 



' . [ ---; = not measured r 

EXAMPLE IV (COMPARATIVES , U L * 

ample ,. The va.ues for the temperafcretn^ Ex- 
the microwave apparatus were as follows for each of the solution* P ^ Wave 9 ulde ,n 



35 



40 



45 


Drying Component 


' PH 


Conductivity 
(milliSiemens/cm) 


Temperature 
Rise at 300 
Watts (°F) 


50 


bis(2-hydroxyethyl)amino- 
tns(hydroxymethyl)methane 


10.1 


0.031 


21 




tris(hydroxymethyl)amino- 
methane 




0.2 


22 


55 


Deionized water (control) 


7.1 


0.0008 


17 



— = not measure 

Both of these compounds are completely soluble in water, but each exhibited 

12 



little or no ability to increase the 
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microwave absorption of water solutions. From the chemical structures of these compounds, it can be seen 
• that they are not expected to exist in a zwitterionic form and thus are not suitable drying components for the 
inks employed by the present invention. 

5 EXAMPLE V 

, Each of the compounds listed in the table below was dissolved in water to make a 20 percent by weight 
. aqueous solution. The solutions were then tested for the absorption of microwave energy as described in Ex- 
. ample I. The values for the temperature increase at 300 Watts of microwave power input to the waveguide in 
. 1 9 : the microwave apparatus were as follows for each of the solutions: 



15 



20 



25 



30 



\ Drying Component 


PH 


Conductivity 
(milliSiemens/cm) 


Temperature 
Rise at 300 
Watts (°F) 


Glycine 


7.2 


0.081 


43 


4-Aminobutyric acid 


6.8 


0;534 


49 


:> 6-Aminocaproic acid 


-, 7- 5 


0.219 


., 48 ... ...... 


aminomethanesulfonic acid 






48 


taurine 


4.6 


0.021 


45 


: 3-aminopropylsulfonic acid 






47 


Oeionized water (control) 


7.1 


0.0008 


17 



As the data indicate, solutions containing the drying component exhibited significantly greater temperature ris- 
es upon exposure to microwave radiation than did the control. 



35 



40 



EXAMPLE VI 

Each of the compounds listed in the table below was dissolved in water to make a 20 percent by weight 
aqueous solution. The solutions were then tested for the absorption of microwave energy as described in Ex- 
ample I. The values for the temperature increase at 300 watts of microwave power input to the waveguide in 
the microwave apparatus were as follows for each of the solutions: 



Drying Component 


pH 


Conductivity (milliSiemens/cm) 


Temperature Rise at 300 Watts 
<°F) 


Picolinic acid 


5.43 


1.097 


44 


Sarcosine 


6.32 


0.161 


46 


2-Ami noet hyl hyd rog e ns ulfate 


2.64 


2.11 


46 


Deionized water (control) 


7.1 


0.0008 


17 



45 



50 



As the data indicate, solutions containing the drying component exhibited significantly greater temperature ris- 
es upon exposure to microwave radiation than did the control. 



EXAMPLE VII 

An ink composition was prepared as follows. To 85.62 parts by weight deionized water were added 5 parts 
by weight diethylene glycol, 3 parts by weight Food Dye #2 (Mobay Bayscript Black, obtained from Mobay 
Corp., Pittsburgh, PA), 1,33 parts by weight Discole N509 (obtained from DKS International, Tokyo, Japan), 
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5 



Co.. Mlwwta.. wo. no ^^^^"^'^"^m^Chemlca 
"SPa^weJo.o^e^ 

acid, and 82.87 parte by weioht deionfefd water o«w «^«. fv v Ml,wauke e. Wl). no 4-aminobutyric 
acid and no ^T^J^^^^ a " 0ther COnta,ned 5 P arts b V of 4-aminocaprofc 

prepared; this ink was oS 

and 90.62 parts by weight deionTze^waTr V '"k except that it contained no 4-aminobutyric acid 

ated on Courtiand^ 00 Jlaf paper ZT^^^T ** ,ma9eS W6re ^ener- 

^inches) by„10.16.cms (4 inches] > wfth V 8 mJSrSI n * Pnntm9 3 S °' id W pattern 163 (0-84 

was situated 5.08 cms (alnSfrom^ t!L £ ,h ' ^ per second - The dermal ink jet printhead 
"9"res1Aand1B)™f^ 

and the cold pressure ? ,S2?aS£ S wL , h TTJE 1 ^ the paper path - 
edge of the wave guide (1 3) Sub^uentiv he d~ 2- « — < 3 !™*<*> from the exiting 

imaged sheet to I the second steTZT^Zl^T ,T < a ™ u * <* «■* transferred from the 
the second sheet SpecS.y S SITS^^^"* 1 ? densi * of th e ink transferred onto 

ink transferred onto the second shej and th fl^VnTT^ ?^ U ™ 9 ^ ^ densit y ° f the 
the paper was subtracted £m thfe numbe ^ ort^T^lZ* non - ima 9^ea™g areas of 

printing process described above wrJShS the nXU m^f * "? ° n9,nal ^ «* the same 

and passed through a pressure ato^l^ln^ ,ma 9 e j was not contacted with asecond sheet of paper 

-,-ty of ,he b^x^^^^*^ z;::zz ry 9) ^L a,so measurcd - and the <£* 

expressed by the following eq3n: 9 ^ Subtracted fr <™ «* number. Offset was 

o^X^etXS ^e^l^X™* " d She * presents the 
of an original image. The vafues^XutconsLnTmil ""P"" ^ Dori » re P resen * optical density 

apparatus were as follows for the ink* " & C waVe ^ WermpUtt ° theWav ^ uide inthe 

microwave 



Drying Agent 


Percent Offset 


2-aminoethylhydrogen sulfate 


1 


glycyiglycine 


0 


4-aminobutyric acid 


0 


aminocaproic acid 


0 


none (control) 


7 



Claims 
1. 



f ^-'tterL^ from th « 9-p con- 

by drying the images on the substrate. "P 08 "^ the substrate to m.crowave radiation, there- 

A printing process according to claim 1 wherein the colorant is a dye 



or a prigment 
14 
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3. A printing process according to claim 1 or claim 2 wherein the drying component is present in the ink in 
an amount of from about 5 to about 50 percent by weight. 

4. A printing process according to any one of claims 1 to 3 wherein the drying component is present in the 
5 ink in an amount of from about 5 to about 30 percent by weight. 

5. A printing process according to any one of claims 1 to 4, wherein the drying component is soluble in the 
ink in a concentration of at least about 2 percent by weight. 

1Q 6. A printing process according to any one of claims 1 to 5, the drying component is selected from the group 
consisting of inner salts. 

7. A printing process according to claim 6, wherein the inner salt is selected from the group consisting of 
betaines, sulfobetaines (sultaines), imidazoline carboxylates, and mixtures thereof. 



15 8. 
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50 



A printing process according to any one of claims 1 to 5, wherein the drying component is selected from 
the group consisting of amino acids. .r.. 



9. A printing process according to claim 1 wherein the drying components selected from the group consist- 
ing of betaine, betaine monohydrate, 1-(3-sulfopropyl)-pyridinium betaine, 1-(2-hydroxy-3-sulfopropyl)- 

20 pyridinlum betaine, glycine, D,L-alanine, D,L-lysine, L-arginine, L-proline. trans-4-hydroxy-L-proline, N- 

(2-acetamido)-2-am!nomethanesulfonic acid, N-(2-acetamido)aminodiacetic acid, N,N-bis(2-hydroxye- 
thyl)-2-aminoethanesu!fonic acid, N,N-bis (2-hydroxyethyl>-3-amino-2-hydroxypropanesulfonic acid, 
N,N-bis(2-hydroxyethyl)giycine, 2-(cydohexylamino)ethanesulfonic acid, 3-(cyclohexyiamino)-1-pro- 
panesulfonic acid, N-(1,1dimethyl-2-hydroxyethyl)-3-amino-2-hydroxy-propanesulfonic acid, giycyl-gly- 

25 cine, glycylglycyl-glycine, 4-(2-hydroxyethyl)piperazine-1-ethanesulfonic acid, 4-(2-hydroxyethyl)pipera- 

zine-1-(2-hydroxypropanesuifonic acid), 4-(2-hydroxyethyi)piperazine-1propanesulfonic acid, 2-morpho- 
linoethanesulfonic acid monohydrate, 3-morpholino-2-hydroxypropanesulfonic acid, 3-morpholinopropa- 
nesulfonic acid, piperazine-1,4-bis(2-ethanesulfonic acid), piperazine-1,4-bis(2-hydroxypropanesulfonic 
acid, taurine, N-tris (hydroxy-methyl)methyl-2-aminoethanesulfonic acid, N-[tris(hydroxymethyl)methyl]- 

30 3-propanesulfonic acid, N-[tris(hydroxymethyl)methyl]glycine, 0-alanine, 4-aminobutyric acid, 6-amino- 

caproic acid, aminomethanesulfonic acid.picolinic acid, sarcosine, 2-aminoethylhydrogen sulfate, and 
mixtures thereof. 

10. A printing process as claimed in any one of claims 1 to 9, including incorporating the ink into a thermal 
35 ink jet printing apparatus, heating the ink in an imagewise pattern to cause bubbles to form therein, there- 
by causing droplets of the ink to be ejected in an imagewise pattern onto a substrate, thereby generating 
images on the substrate; and exposing the substrate to microwave radiation, thereby drying the images 
on the substrate. 

40 
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FIG. IB 
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